Introduction: A low-risk GRACE score identifies patients with a lower incidence of major cardiac events, however it can erroneously classify patients with severe coronary artery disease as lowrisk. We assessed the prevalence, clinical outcomes and predictors of left main and/or threevessel disease (LM/3VD) in non-ST-elevation acute myocardial infarction (NSTEMI) patients with a GRACE score of ≤108 at admission. Methods: Using data from the Portuguese Registry on Acute Coronary Syndromes, 1196 patients with NSTEMI and a GRACE score of ≤108 who underwent coronary angiography were studied. Independent predictors of LM/3VD and its impact on in-hospital complications and one-year mortality were retrospectively analyzed. Results: LM/3VD was present in 18.2% of patients. Its prevalence was higher in males and associated with hypertension, diabetes, previous myocardial infarction, heart failure and peripheral arterial disease (PAD). Although there were no differences in in-hospital complications, these patients had higher mortality (0.9 vs. 0.0%) and more major adverse cardiac and cerebrovascular events (MACCE) (4.1 vs. 2.5%, p=0.172), and higher one-year mortality (2.4 vs. 0.5%, p=0.005). Independent predictors of LM/3VD were age (OR 1.03; 95% CI 1.01-1.0, p=0.003), male gender (OR 2.56; 95% CI 1.56-4.17, p<0.001), heart rate (1.02; 95% CI 1.01-1.03, p<0.001), PA D (OR 3.21; 95% CI 1.47-7.00, p<0.001) and heart failure (OR 3.38; 95% CI 1.02-11.15, p=0.046). * Corresponding author. E-mail address: jtostecarvalho@gmail.com (J.F. Carvalho). Conclusions: LM/3VD was found in one in five patients. These patients had a tendency for higher in-hospital mortality and more MACCE, and higher one-year mortality. 
Introduction
Non-ST-elevation acute coronary syndrome (NSTE-ACS) is a heterogeneous clinical entity in which prospective risk stratification is essential to identify patients at high risk of adverse events 1, 2 and to offer them, if appropriate, an early invasive strategy to improve short and long-term prognosis. 3, 4 Current clinical guidelines from the European Society of Cardiology 5 and the American Heart Association/American College of Cardiology 6 recommend the use of risk scores. Both recommend the use of the Global Registry of Acute Coronary Events (GRACE) score at admission to predict the risk of in-hospital mortality. The GRACE score is derived from eight clinical, electrocardiographic and laboratory variables: five semiquantitative (age, systolic blood pressure, heart rate, Killip class and serum creatinine level) and three dichotomous (cardiac arrest during presentation, ST-segment deviation and elevated cardiac enzymes), and ranges from 1 to 372 points. 2 It has good accuracy for predicting in-hospital death in this cohort of patients.
Patients with NSTE-ACS and a GRACE score ≤108 points at admission are classified as low-risk, defined as <1% risk of in-hospital death, 2 and as suitable for initially conservative management. 5, 6 However, risk scores, including GRACE, are not intended to determine the severity of coronary artery disease (CAD) and, if an initial conservative approach is adopted in accordance with the calculated risk, this may result in failure to identify patients with severe CAD requiring revascularization, such as left main and/or three-vessel disease (LM/3VD). 7 Several studies have evaluated the performance of clinical risk scores for detecting and predicting the severity of CAD.
In patients with NSTE-ACS, the TIMI risk score has a modest ability to predict obstructive CAD, defined as the presence of at least one ≥50% stenosis, 8, 9 while a TIMI score >4 shows a modest 10 to good 11 performance in detecting three-vessel CAD. In one study, sensitivity of 53% and specificity of 83% were demonstrated for this diagnosis (area under the curve [AUC] 0.71; 95% CI 0.61-0.81, p<0.001).
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Variability in accuracy for prediction of CAD using the GRACE score is greater due to the different cut-off points studied. Its performance is good for the detection of multivessel disease (AUC 0.72; 95% CI 0.64-0.80, p=0.001) 12 but only modest for three-vessel disease with a cut-off of >119 11 or LM/3VD with a cut-off of >117. 13 The GRACE score has better predictive ability for three-vessel disease when the cut-off is >133, 10 and higher sensitivity but lower specificity than the TIMI risk score.
This study aimed to determine the prevalence of LM/3VD in non-ST-elevation myocardial infarction (NSTEMI) patients with a GRACE score ≤108 at admission, to assess its impact on clinical outcomes, and to determine its predictors.
Methods

Study design, population and variables
This was a retrospective study based on the data of the second phase of the Portuguese Registry on Acute Coronary Syndromes (ProACS). Details of the study design, outcome definitions, patients, and main results of the first phase have been published. 14, 15 Data are collected from all participating centers in Portugal and entered in a webbased platform at discharge and at one-year follow-up. Information is recorded on demographics, cardiovascular risk factors, clinical presentation, laboratory and imaging results, coronary angiography and revascularization, medication and in-hospital adverse events (reinfarction, congestive heart failure, cardiogenic shock, atrial fibrillation, advanced atrioventricular block, resuscitated cardiac arrest, stroke, major bleeding and death).
Between October 1, 2010 and November 4, 2015, a total of 13 322 patients with a diagnosis of acute coronary syndrome (ACS) were included in the ProACS. After exclusion of patients with STEMI, unknown location myocardial infarction, unstable angina or GRACE score >109, or missing data for calculation of the GRACE score, 1378 had a diagnosis of NSTEMI and a GRACE score ≤108 at admission, of whom only the 1196 patients who had undergone coronary angiography were included. Detailed information on the study selection process is shown in Figure 1 .
The total proportion of missing data on baseline characteristics was low (3.7% of the total variables) and all the patients and information on their baseline characteristics were included.
CAD was defined as the presence of a ≥50% stenosis in any major vessel (left main, left anterior descending [LAD] , left circumflex or right coronary artery).
For the purpose of this study, the patients were divided in two groups: the LM/3VD group (patients with angiographic evidence of LM/3VD) and the non-LM/3VD group (all other patients).
The primary endpoint was defined as major adverse cardiac and cerebrovascular events (MACCE) (in-hospital mortality, reinfarction, non-fatal stroke or heart failure) and the secondary endpoint as the need for coronary artery bypass grafting (CABG) during hospitalization.
Statistical analysis
Baseline characteristics were compared between patient groups using the Student's t test for continuous variables and the chi-square test or Fisher's exact test for categorical variables. Continuous variables were expressed as mean ± standard deviation or median and interquartile range (IQR). Categorical variables were expressed as absolute or relative frequencies.
Multivariate logistic regression analysis was performed to assess independent predictors of LM/3VD in this population and its influence on in-hospital mortality or MACCE. The variables included were age; gender; admission creatinine, heart rate, blood pressure and Killip class; cardiovascular risk factors; previous medical history (excluding previous CABG); ST-segment deviation or T-wave inversion; and left ventricular function. Odds ratios (OR) and hazard ratios were calculated with 95% confidence intervals (CI). The logistic regression included only patients without missing data regarding the main variables (1098 out of 1196 patients, 91.8%).
Survival at one-year follow-up, describing cumulative mortality since admission, was analyzed using Kaplan-Meier curves with the log-rank test. Multivariate Cox regression was performed. The number of patients with complete oneyear follow-up was 528 (44.1%).
IBM SPSS Statistics ® version 19.0 was used for the statistical analysis and a two-tailed p-value of <0.05 was considered statistically significant.
Results
Baseline characteristics
In this cohort of patients with NSTEMI and GRACE score ≤108 at admission, the incidence of LM/3VD was 18.2% (n=218). The baseline and admission characteristics of the study population are summarized in Table 1 , which also shows univariate associations with the presence of LM/3VD. Patients in the LM/3VD group were slightly older and more frequently male, and had a slightly higher GRACE score and higher prevalences of hypertension, diabetes and previous myocardial infarction, heart failure and peripheral arterial disease (PAD). Although the main presenting symptom was chest pain in both groups, interestingly there was a higher proportion of patients presenting atypically with syncope in the LM/3VD group. There were no differences between groups regarding electrocardiographic data, left ventricular function or serum creatinine.
Coronary angiography and revascularization data
Most patients underwent coronary angiography within 24 hours of admission; median time from admission to coronary angiography was 0 days (IQR 0-1 days). The prevalence of left main disease was 26.5% and that of three-vessel disease was 89.9% in the LM/3VD group, whereas patients in the non-LM/3VD group were more frequently diagnosed with single-vessel disease (55.6%). Patients with LM/3VD were more likely to have an unidentified culprit artery, to undergo two or more coronary angiographies, and to have a higher rate of femoral access but a lower probability of undergoing angioplasty. They were also more frequently planned for CABG. The results are summarized in Table 2 .
Impact of left main and/or three-vessel disease in patients with low-risk GRACE score
The presence of LM/3VD was not associated with a statistically significant difference in in-hospital adverse events, but there was a trend towards higher absolute values of in-hospital mortality and the primary endpoint of MACCE (Table 3) . LM/3VD was also associated with increased length of hospital stay (median five vs. three days, p<0.001) and with more frequent need for CABG during hospitalization (4.1 vs. 0.3%, p<0.001). After multivariate regression analysis, the presence of LM/3VD was not found to be an independent predictor of in-hospital MACCE (OR 1.32, 95% CI 0.56-3.14, p=0.526), however it was an independent predictor of the secondary endpoint (OR 13.22, 95% CI 3.34-52.30, p<0.001).
Patients in the LM/3VD group had higher one-year mortality (2.4 vs. 0.5%, p=0.005) but, after multivariate Cox regression analysis, the presence of this coronary anatomy did not confer an increased risk of one-year mortality. The results are displayed in Table 4 .
Predictors of left main and/or three-vessel disease in patients with low-risk GRACE score
The results are summarized in Table 5 . Older age, male gender, higher resting heart rate, previous diagnosis of heart a Patients with missing data were excluded. Patients for whom not all registry fields for the presence of >50% stenosis were completed could not be stratified by number of diseased vessels. Therefore they were not considered in this analysis, such as a patient with LM and LAD stenosis but no information regarding the RCA or LCx. failure and PA D were identified as independent predictors of the presence of LM/3VD. The risk was higher for each 10-bpm increase in heart rate (OR 1.23, 95% CI 1.12-1.36, p<0.001) and for each 10-year increase in age (OR 1.39, 95% CI 1.14-1.69, p<0.001).
Discussion
The major findings of this study are that patients admitted with NSTEMI and a low-risk GRACE score (≤108) have a low risk of in-hospital adverse events despite almost one fifth of them having high-risk coronary anatomy, but that these patients had not only a worse long-term prognosis, with higher one-year mortality, but also higher in-hospital morbidity, as shown by increased length of hospital stay, and a trend for higher absolute values of mortality and MACCE. The findings indicate that these patients are not in fact at such low risk and should be identified promptly. Another important finding was that simple clinical variables appeared as independent predictors of LM/3VD in this population: two of them included in the GRACE score (age and heart rate), male gender, and important known comorbidities (heart failure and PAD).
The relationship between the GRACE risk score and the severity and complexity of CAD has been studied in several publications, 8---13,16,17 however very few stratified patients within the three GRACE risk categories and, to our knowledge, none analyzed predictors of LM/3VD disease in low-risk patients.
In the largest study, Beigel et al. 16 assessed 923 consecutive patients with moderate-high risk NSTE-ACS enrolled in the Acute Coronary Syndrome Israeli Survey and found that the major predictors of high-risk coronary anatomy (defined as >50% stenosis in the left main, >70% in the proximal LAD and/or two-or three-vessel disease involving the LAD) were GRACE score >140 (high-risk) (OR 1.88, 95% CI 1.29-2.75, p<0.001), PA D (OR 1.88, 95% CI 1.62-5.8, p<0.001) and chronic renal failure (OR 1.7, 95% CI 1.02-2.80, p=0.03). Likewise, Mahmood et al. found that patients with a GRACE score >133 had a higher likelihood of LM/3VD (OR 3.41, 95% CI 2.16-5.36, p<0.01). 10 Other groups have set out to correlate the severity of CAD in NSTE-ACS patients with their GRACE score. GRACE >119 had only moderate accuracy for prediction of three-vessel disease, with sensitivity of 80% and specificity of 55% (AUC 0.68; 95% CI 0.58-0.78, p=0.001), 11 while GRACE >117 had modest accuracy for predicting LM/3VD, with sensitivity of 66% and specificity of 59% (AUC 0.66; 95% CI 0.58-0.74, p=0.01). 13 By contrast, in a study by Barbosa et al. 8 the GRACE score was unable to identify the presence of LM/3VD (AUC 0.59; 95% CI 0.48-0.70, p=0.13), and there were no statistical differences between the three GRACE tertiles regarding the prevalence of LM/3VD (25%, 33% and 37%, respectively; p=0.56). Santos et al. 9 also showed that the GRACE score had only moderate predictive ability even for the presence of at least one-vessel disease (AUC 0.62; 95% CI 0.573-0.673, p<0.001).
Tw o studies assessed the severity of CAD according to the number of diseased vessels stratified by GRACE risk categories. In the study by Cakar et al., 12 356 patients with NSTE-ACS were analyzed retrospectively, 39.6% of them with a low-risk GRACE score. The prevalence of LM/3VD was 15.5%, with no in-hospital mortality and a low rate of reinfarction or revascularization (2.1%). These findings were similar to our study. However, they did not assess potential predictors of severe CAD in this population. In a retrospective study of 95 patients with NSTE-ACS, another group reported that 40% of the population had a low-risk GRACE score, with a prevalence of 39.4% for three-vessel disease and 5.2% for left main disease. 17 No report on outcomes was available.
Our search of the literature revealed no studies regarding determination of predictors of LM/3VD in low-risk GRACE populations.
Many simple predictors of worse prognosis are correlated with severe CAD. Clinical variables like increasing age and high resting heart rate are well-known risk factors. 18 Both these variables are features of the GRACE score and in our study were also found to be predictors of LM/3VD, which is in line with the literature. 19 This could mean that, even for low-risk patients, extra care should be taken regarding tachycardic and elderly patients.
PA D is associated with increased risk for cardiovascular death 20 and higher in-hospital mortality in ACS, 21 and there are several reports associating its presence with greater severity and complexity of CAD. 19, 22 In our study, despite the low prevalence of PA D in both groups, which was significantly less than in modern cohorts of ACS patients, 23 it was an independent predictor of LM/3VD, as it also was in the study by Beigel et al. 16 and in a meta-analysis. 19 An anklebrachial index of <0.9 is known to be a predictor of PA D 24 and of multivessel CAD in patients admitted with ACS, 25 so this simple measure from the physical examination could potentially improve detection of this important comorbidity.
In heart failure, long-term prognosis is directly related to the angiographic extent and severity of CAD, 26, 27 in patients with both reduced and preserved systolic function. 28 In the setting of ACS, development of acute heart failure is considered a powerful predictor of LM/3VD, 19 but less is known about the predictive ability of a previous history of chronic heart failure. However, in our study neither the proportion of patients in Killip class II-IV nor the incidence of newonset heart failure during hospitalization differed between the groups. There were also no differences in the incidence of left ventricular dysfunction. These findings are not surprising, since the population only included patients with a low-risk GRACE score, which means that most patients would be in Killip class I. Another finding is that a previous history of heart failure was an independent predictor of LM/3VD. Nonetheless, this result should be interpreted with caution, since it reached only a borderline significant p-value and the number of patients affected was low.
We also found that male gender was an independent predictor for the presence of LM/3VD, which is in line with other studies that show that men with myocardial infarction have more severe CAD. 29---32 In our study, there were no differences between groups in in-hospital adverse events. Although patients with LM/3VD had non-significantly more MACCE and higher in-hospital mortality, the rates were low, as would be accurately predicted by the GRACE score. 2 However, a significant interaction was found with the secondary endpoint of urgent referral for CABG during hospitalization, which was more frequent in the LM/3VD group. Indeed, one reason for the need to be able to predict severe CAD using clinical risk scores is to improve assessment of patients who would most likely be indicated for CABG. This is important because it could have therapeutic implications for the timing and duration of dual antiplatelet therapy.
Study limitations
This was a retrospective study with all the limitations of this type of study design, however it also reflects the real-world population of patients that clinicians see in daily practice. Another important issue is the definition of CAD used. Many authors agree that CAD should be defined as the presence of >50% luminal stenosis, the cut-off used in this study due to the ProACS design. However, from a physiological standpoint, only >70% stenoses are considered hemodynamically significant and requiring revascularization. This may have led to the inclusion of less severe patients in the LM/3VD group, which could have influenced in-hospital outcomes. Another major limitation is the small number of patients who underwent CABG during hospitalization, and therefore the results should be interpreted with caution. Also, we do not know if post-hospitalization CABG contributed to higher mortality in the LM/3VD group. Nevertheless, even though CABG could have played a role in one-year mortality, it would have been performed as a consequence of having LM/3VD, and thus higher mortality could be attributed, at least in part, to the disease itself.
Conclusion
Patients admitted for NSTEMI with a low-risk GRACE score of ≤108 at admission had few in-hospital adverse events and low mortality, even though almost one in five had LM/3VD. Nonetheless, despite this apparently good in-hospital prognosis for hard clinical endpoints, these patients had higher absolute values of in-hospital mortality and MACCE, and LM/3VD was associated with longer hospital stay and higher one-year mortality, and was also an independent predictor for CABG during hospitalization. Simple clinical variables are independent predictors of this high-risk coronary anatomy, like older age, higher resting heart rate, male gender, previous diagnosis of heart failure and PAD, and could help the clinician to identify patients who would benefit from an early invasive strategy.
